Abstract Jaggery (Gur) is a natural sweetener made by concentration of sugarcane juice, contains all minerals and vitamins present in sugarcane juice. In order to utilise jaggery in place of sugar, muffins were prepared by replacing 84% sugar with 42, 63 and 84% jaggery. Different levels of eggs namely 42, 63 and 84% were also tried for jaggery muffins. The results showed that muffins prepared with 84% each of jaggery and eggs had acceptable quality characteristics. Effect of jaggery in comparison with sugar on the pasting characteristics of wheat flour, physico-sensory and storage characteristics of muffins were studied. Addition of jaggery and sugar increased pasting temperature and peak viscosity. Higher increase in pasting temperature with jaggery and in peak viscosity with sugar were observed indicating differential influence on pasting characteristics of wheat flour. The muffins with jaggery had lower pH, overall quality score and higher a w than muffins with sugar. During 21 days storage period, pH and a w decreased and titratable acidity increased for both the muffins. Even though the muffins with jaggery were less soft, showed lower overall quality score than the muffins with sugar, muffins with jaggery were acceptable and both the muffins were found to be microbiologically safe, as shown by the microbial load (total mesophilic count and yeast and mold count) in the range of 66-89 CFU/g. Hence, it can be concluded that it is possible to replace sugar with jaggery in muffins without affecting the properties of the product.
Introduction
Jaggery or gur is a solid/semi-solid form of sugar obtained by concentration of sugarcane juice in an open pan. The present production of sugar and jaggery in India are 27.7 and 6.6 million metric tonnes, respectively (Sugar Production Annual Report, USDA 2017). Jaggery is important in Indian diet, which is consumed either directly or used in preparation of various sweet based foods (Verma and Narain 1990) . Jaggery is generally called as ''medicinal sugar'' because of its use in Ayurveda as well as its comparison with honey (The Agricultural and Processed Food Products Export Development, APEDA, 2016). According to Food Safety and Standards Authority of India (FSSAI) , the cane jaggery is the product achieved from sugarcane juice (Saccharum officinarum) by boiling or processing. The limit of permissible quality characteristics of jaggery are moisture-7%, sucrose-70%, total sugars-90%, reducing sugars-20%, ash-4% and acid insoluble ash-0.3%.
The parameters important for high market value and consumer's acceptability of the jaggery are colour, flavour and shelf life. Hussain et al. (2012) studied the preservation of colour, flavour and shelf life of the jaggery. In order to get light coloured jaggery, sulphur dioxide (SO 2 ) is used as juice clarificant during its preparation, hence, light golden colour jaggery is injurious to health (Uppal et al. 2005 ) and therefore it is advisable to consume jaggery which is darker in colour.
The granular jaggery is rich in minerals (0.6-1%) as it contains 9 mg% calcium, 4 mg% phosphorous and 12 mg% iron (Singh et al. 1978) . Jaggery which is far more complex than sugar, as it is made up of longer chains of sucrose with traces of mineral salts, iron and some fiber is digested slower than sugar and releases energy slowly and not instantaneously (Patil et al. 1985) .
Jaggery is generally used for preparation of various traditional sweet dishes, such as payasam, obbattu (holige), Hurakki holige stuffing, Karadantu, Madeli, Godhi huggi, Gudagana huggi, Allittu and unday (Inamdar et al. 2005) . Tidke et al. (2017) have used jaggery for the development of peanut and chickpea nut Chikki. Other value added products of sugarcane juice are jaggery chocolate, vinegar, gazak, reori, chikki and ramdana (Shahi 1999) . Nath et al. (2015) reviewed the value addition of jaggery based products and stated that the jaggery industry is the leading unorganised sector in the country. Sahu and Saxena (1994) have reported study on health benefits of jaggery and found that jaggery can help for prevention of damage to lung in rats. Manufacturing of jaggery is mainly carried out with minimum capital investment by sugarcane growers, which help rural people by giving them employment. Value addition to jaggery in bakery products could fetch higher prices in the market, even globally which could improve the crop cultivation and increase the basic income of the sugarcane growers.
Sucrose is one of the main ingredients in sweet based bakery products. A decrease in the sugar content is accompanied by significant changes in the processing properties of batter/dough, product texture, colour, taste and shelf life (De Souza et al. 2013) . Torley et al. (2004) pointed out that individual starch gelatinization characteristic differs in their response to partial or complete substitution of various sugars. Several authors have tried to replace sugar for the production of sugar free muffins and low calorie muffins. Zahn et al. (2013) reported that it is possible to replace 30% sucrose in muffins by steviol glycoside (sweet natural compound from stevia rebaudiana Bertoni leaves) in combination with fibres such as apple, oat, pea and wheat. Manisha et al. (2012) carried out studies on interaction between stevioside, liquid sorbitol, hydrocolloids and emulsifiers for replacement of sugar in cakes. The authors concluded that acceptable quality sugarfree fenugreek cake can be produced by using combination of stevioside, liquid sorbitol, xanthan, polysorbate-60 and debittered fenugreek seed powder.
The microbiological shelf life of high moisture bakery products is related to their pH and water activity (a w ). Bakery products, like many processed foods, are subject to physical, chemical and microbiological spoilage (Smith et al. 2004) . While physical and chemical spoilage limits the shelf life of low and intermediate moisture bakery products, microbiological spoilage by bacteria, yeast and molds is the concern in high moisture products i.e., products with a water activity a w [ 0.85. Smith and Simpson (1995) reported water activity of cakes in the range of 0.91-0.96. There are no reports available on the complete replacement of sugar with jaggery in muffins. There is a scope for complete replacement of sugar with jaggery along with the improved nutritional benefits.
Keeping in view the above, the effects of replacement of sugar with jaggery on the rheological characteristics of wheat flour, physico-sensory and storage characteristics of muffins were studied.
Materials and methods

Materials
Commercial refined wheat flour, sugar, eggs and jaggery were purchased from the local market. Shortening procured from Bunge India Pvt. Ltd, Mumbai, India. Rex Baking powder (Hindustan Lever Ltd.), vanilla essence (Bush Boake Allen Ltd., Chennai, India), plate count agar, E. coli agar, potato dextrose agar media (HiMedia Mumbai, India) and petroleum ether (Merck chemicals, Mumbai, Maharashtra, India) were used for the studies. Sodium hydroxide and phenolphthalein pH indicator used for titratable acidity analysis were purchased from Merck Specialities Pvt. Ltd., Mumbai and SD Fine Chem limited, Mumbai. Calcium propionate and acetic acid were purchased from Sisco Research Laboratories Pvt. Ltd., Mumbai.
Methods
The proximate analysis of wheat flour such as moisture, fat, ash and total sugar contents were analyzed by using AACC International methods 44-19.01, 30-25.01, 08-01.01 and 80-60.01, respectively (AACC 2000) . Protein content of samples was analyzed by using N-protein analyzer (Thermo Flash 2000, Waltham, MA, USA). The sugar powder and jaggery powder were subjected for moisture content, ash content and total sugar content estimation according to AACC International methods 44-19.01, 08-01.01 and 80-60.01, respectively (AACC 2000) . Amylograph characteristics of wheat flour as influenced by the addition of sugar and jaggery were studied in triplicate according to AACC International method 22-10.01 (AACC 2000) using Micro-visco amylograph (Model 803201, Brabender, Germany) equipped with 300 cm g sensitivity cartridge and at a temperature profile of 30-92°C. Titratable acidity of muffins expressed as lactic acid (mg/ 100 mL) was determined according to AOAC standard method (AOAC 1990) . The water activity (a w ) of muffins was measured by using water activity meter (Pawkit Water Activity Meter, Pullman, Washington). The pH of muffin samples were measured by using a pH meter (Eutech Instruments pH 510, Ayer Rajah Crescent, Singapore) by dissolving 10 g of sample with 10 mL of distilled water and readings were noted.
Muffins formulation and processing conditions
Muffins with sugar (Table 1) were prepared according to the method described by Jyotsna et al. (2004) . Wheat flour, salt, baking powder, calcium propionate were sieved thrice for uniform mixing. Sugar powder and margarine were creamed for 1 min at 58 rpm, 1 min at 112 rpm and 5 min at 173 rpm in a Hobart mixer (Model N-50, Hobart, GmbH, Offenburg, Germany) to get uniform mixture. Simultaneously, egg and essence were whipped at 173 rpm for 7 min. The whipped egg mixture was added to the cream in three additions and mixed for 1 min at 58 rpm then 2 min at 112 rpm to prevent the cake batter from curdling or separating. Wheat flour, water, acetic acid were added to the sugar, margarine, egg and essence mixture and was mixed at 112 rpm for 2 min to get a homogeneous mix. The cake batter was transferred into a cake pan, baked at 180°C for 25 min using the oven (APV, Queensland, Australia), cooled for 2 h and were later packed in sterile polypropylene until further utilization. All cake baking experiments were carried out in triplicates and results are the average of three readings.
Muffins with jaggery
In order to replace sugar (84%) completely with jaggery and find out the amount of egg and jaggery required, muffins were prepared with 42, 63 and 84% jaggery. Different levels of eggs namely 42, 63 and 84% were also tried for jaggery muffins ( Table 1 ). The processing conditions followed were similar to the cake preparation with sugar. Jaggery was used in place of sugar. Jaggery powder was used in the form of thick solution by adding water in the ratio of 1:2. The other ingredients such as margarine, baking powder, preservatives and vanilla essence were kept constant for preparation of muffins. The muffins prepared with these variations of egg and jaggery were denoted as A, B, C, D, E and F, respectively.
Batter-specific gravity
The specific gravity of muffins batter at (28 ± 2°C) was calculated by dividing the weight of a standard measure of the batter by the weight of an equal volume of water. The average of two readings is reported. 
Muffins loaf volume
The volume of the muffins was measured by rapeseed displacement method reported by Pierce and Walker (1987) using the standard volume-measuring apparatus (National Manufacturing Co., Lincoln, NE). The calibration of apparatus was carried out initially with a standard block of 400 mL. The muffin sample was placed at the end in bottom chamber of the volume-measuring apparatus along with the block. After closing the instrument, the slit plate located at the end of the shaft was moved, and the volume was read from the height of the rapeseed collected in the shaft. The muffin volume was calculated by subtracting the volume of the block plus the cake and standard block (Vanhamel et al. 1991) . The moisture of the cakes was determined by placing the sample for 1 h in a hot air oven (Model H014DF, Serve well Instruments Pvt ltd, Bengaluru, India) maintained at 130°C. Loss in weight in percentage was reported as % moisture content on dry basis.
Textural measurement
Texture analyser (Model TA-XDi, Stable Micro Systems, UK) fitted with a cylindrical aluminium probe of 36 mm diameter was used to measure the firmness of muffins crumb. Maximum force required for 25% compression of the muffins was recorded. The results recorded as an average of three replicates. Texture determinations were carried out after removing the crust from the cake surface and drilling out uniform crumb with the help of a cylindrical vessel of diameter 30 mm.
Color measurement
The colour of muffins was measured in terms of lightness (L) and colour (? a: red, -a: green, ? b: yellow, -b: blue) using Hunter Lab Colour Measuring system (Colour measuring Labscan XE system, USA). A standard white board made from barium sulphate (100% reflectance) was used as a perfectly white object for setting the instrument with illuminant D 65 lamp. Muffin samples were placed in the sample holder and the reflectance was auto-recorded for the wavelength ranging from 360 to 800 nm. Each value represents the mean of three readings.
Sensory evaluation
The sensory quality of muffins was evaluated by ten panellists of age between 25 and 50 years, including six male and 4 females, who have expertise in sensory evaluation of bakery products. They were further oriented in four sessions, including 2 h of training in each session. The muffin samples were evaluated under ambient temperature and light conditions for colour for the maximum score of 10, shape of crust (10), crumb colour (10), grain (10), texture (10), eating quality (10) and overall quality score (60), which is the combined score of all these parameters.
Storage of muffins
For storage studies, muffins with sugar; muffins with jaggery prepared with egg (84%) and jaggery (84%) were cooled, packed separately in polypropylene pouches (150 gauge) and heat sealed. Muffins were stored at room temperature (27 ± 2°C) and relative humidity (65 ± 5%) for 21 days. The muffin samples were subjected to objective evaluation such as moisture, texture, water activity, pH, titratable acidity, sensory evaluation as described earlier on 0, 7th, 14th and 21st day.
Microbiological analysis of muffins
Total mesophilic (total viable bacterial counts), fungi counts (yeast and mould counts), Salmonella and E. coli counts of jaggery and sugar muffins were analysed over 21 days storage period. The samples were withdrawn weekly for analysis for 4 weeks. Muffin samples were prepared by mashing and mixing in peptone water. Subsequently, samples were diluted decimally and 0.1 mL aliquots were inoculated on Plate Count Agar (PCA), Potato Dextrose Agar (PDA) via pour plate technique for the enumeration of aerobic bacteria and yeast and mold, respectively. EMB broth with inverted Durhams tubes and Rappaport-Vassiliadis R10 Broth was inoculated with the samples for detection coliforms and Salmonella, respectively (Ijah et al. 2014) . All inoculated plates and tubes were incubated at 37°C for 24-48 h except for PDA plates which were incubated at room temperature (28 ± 2°C) for 3-5 days. The colonies were then counted and expressed as colony forming units per gram (CFU/g) of samples. Broth inoculated cultures for detection of E. coli and Salmonella were observed for gas formation and colour change, respectively.
Statistical analysis
All the experiments were carried out in triplicates and statistically analyzed using Duncan's new multiple range tests (DMRT) with the different experimental group using statistica software version 7.0 of Stat Soft Incorporation, Tulsa, OK, USA as per the method of Steel and Torrie (1960) . The significant level was established at p B 0.05.
Results and discussion
Physico-chemical characteristics of wheat flour, sugar and jaggery
The wheat flour used for the studies had 10.25% moisture, 10.12% protein, 2.33% fat, 0.48% ash and 0.46% total sugars. The sugar and jaggery powder had 0.81 and 6.90% moisture, ash (0.2 and 1.56%) and total sugar (96 and 69.23%). These results show that the jaggery is rich in minerals. The moisture and total sugar contents of jaggery are within the limits specified by FSSAI (2017).
Effect of sugar and jaggery on amylograph characteristics of wheat flour
The effect of addition of sugar and jaggery on the amylograph characteristics of wheat flour is presented in Fig. 1 . Addition of sugar and jaggery increased the pasting temperature, peak viscosity, hot paste viscosity, cold paste viscosity, set back and breakdown values of wheat flour. However the increase in peak viscosity, hot and cold paste viscosity values were higher for sugar than jaggery, and pasting temperature, break down and set back values were higher for jaggery than sugar. It is reported that the delay in the gelatinisation temperature of starch in the presence of sugar is due to antiplasticisation by sugar-water co-solvents as compared to water alone. It is clear from the results that jaggery exhibited more antiplasticisation effect than sugar. The increase in viscosity values during heating, cooking and cooling shows that addition of sugar or jaggery increased the swelling capacity of the starch granules during heating, resistance of swollen starch granules against break down, re-association of starch granules during cooling, however the increasing effect is more with sugar than jaggery. Manisha et al. (2012) reported an increase in amylograph peak viscosity of wheat flour paste during heating and cooling with addition of sugar, whereas, replacement of sugar with sorbitol at different levels showed decrease in amylograph viscosities. Struck et al. (2016) had studied replacement of sucrose in muffins with a combination of rebaudioside A and wheat, apple or pea fibers. Protein denaturation and starch gelatinization occurred during strain oscillatory measurements of muffin batter were delayed with increase in replacement of sucrose by fiber.
Effect of different levels of egg and jaggery on quality of jaggery muffins
The specific gravity is a very important physical property for muffins batter, since, it represents total air holding capacity of the batter during mixing. Low specific gravity is associated with better aeration of the batter, indicating a high capacity of the batter to retain air bubbles during beating (Kahlil 1998) . The volume of muffins not only depends on the amount of air incorporated inside the batter but also its capacity to retain air during baking (Frye and Setster 1991) .
Effect of replacement of sugar with jaggery on specific gravity of muffins batter is presented in Table 2 . The specific gravity of muffins batter prepared with 42, 63 and 84% egg were 0.76, 0.78, 0.79 g/cc and with jaggery it was 0.82, 0.81 and 0.79 g/cc respectively, when compared to 84% sugar (0.80 g/cc). It is reported that the air incorporation depends not only on the aeration process but also on the physico-chemical properties of the batter (Sahi and Alava 2003) . The quality of an aerated baked product depends on the batter viscosity. The viscosity of muffins batter is important for retention of gas during the primary stages of baking but slows down the gas diffusion rate (Ronda et al. 2005) . Psimouli and Oreopoulou (2012) observed specific gravity of cake batter prepared with replacement of sugar with oligofructose, lactitol and maltitol within the range of 0.85-0.99, which is slightly higher than the specific gravity results of the present study. The quality characteristics of muffins with sugar and jaggery are shown in Table 2 . There was not much variation in the weight of the muffins (53-54 g) with different percentages of jaggery and egg, while the muffins prepared with 84% egg and jaggery showed highest volume that is 150 mL which was similar to the muffins made using sugar. The softness of muffins was observed to increase with an increase in jaggery and egg contents. This may be due to foaming, coagulation, emulsification, and binding properties of egg (Agrahar-Murugkar et al. 2016) . The muffins prepared with 84% egg and jaggery showed more softness among all other muffins samples. However, the sugar muffins showed highest softness when compared to jaggery muffins. The L, a and b values indicating the lightness, redness and yellowness for crust and crumb of muffins respectively, are shown in the Table 2 . The lightness of muffins crumb increased with increase in egg and jaggery percentages. It can be seen from the table that the redness of the jaggery muffins crumb slightly increased with an increase in jaggery percentages, while there was not much difference in the yellowness of the crumb. The lightness value of crust of jaggery muffins was reduced with an increase in egg and jaggery concentration, while redness of muffins crust was increased. An increase in the lightness value of crumb of muffins was observed from 59.2 to 61.9, when the egg content increased from 42 to 84%. Similarly an increase in the lightness value of crumb of muffins from 58.5 to 61.9 was observed. It can be concluded from these results that the jaggery muffins showed lower value for lightness, higher values for redness and yellowness than sugar muffins.
The sensory evaluation of jaggery muffins showed that the crust colour of jaggery muffins with different levels of egg was brown, crust shape was normal and crumb colour was brownish white (Fig. 2) . With increase in egg from 42 to 84%, the crumb grain improved from medium fine to fine uniform, texture from medium soft to soft, eating quality from slight residue formation to clean mouthfeel with optimum sweetness and perceptible jaggery taste. With increase in jaggery from 42 to 84%, the crust colour improved from dull brown to brown, crust shape from normal curved shape with cracks on the top surface to normal shape with smooth top surface, crumb colour from dull brown to brownish white, closed compact crumb grain to fine uniform grain, slightly hard texture to soft texture, slightly powdery mouthfeel, less sweet to clean mouthfeel with optimum sweetness and perceptible jaggery taste. These improvements are indicated with the increase in the overall quality score from 39 to 50 and 32 to 50 with increase in egg and jaggery contents from 42 to 84% respectively. The overall quality score of sugar muffins was 54 for the maximum score of 60 (Table 2) . Hence, it could be concluded that for the preparation of jaggery muffins having quality characteristics closer to sugar muffins, the amount of egg and jaggery required is 84% for 100 g of wheat flour. Ronda et al. (2005) have reported highest overall acceptability for the cakes prepared with xylitol instead of sucrose.
Physico-chemical, sensory characteristics of muffins
The results of the evaluation of physico-chemical characteristics of both the muffins showed that the moisture content of muffins prepared with jaggery was higher (21.8%) than muffins prepared with sugar (19.6%) due to presence of invert sugar, mineral salts which are hygroscopic in nature and also higher moisture content present in the jaggery (Mandal et al. 2006) . The protein and fat contents were slightly lower (6.38 and 30.93%) in muffins with jaggery than muffins with sugar (6.58 and 33.33%). The ash content of muffins was higher in muffins with jaggery (1.21%) than muffins with sugar (0.82%). The sugar content in muffins with jaggery muffins was found to be 27.8%, which is considerably lower than the muffins with sugar (32.4%). The increase in ash and decrease in sugar contents in muffins with jaggery than muffins with sugar is due to the presence of higher amount of minerals like iron, calcium, phosphorous and lower amount of sucrose in jaggery when compared to sugar (Jagannadha Rao et al. 2007 ).
Muffins with sugar
Muffins with jaggery
Fig. 2 Photograph of muffins with sugar and jaggery
Effect of storage on the quality of muffins
Changes in various quality parameters of muffins with jaggery when compared to muffins with sugar during storage for 21 days are presented in Table 3 and Fig. 3 . It can be seen from the Table 3 that the jaggery based muffins showed higher moisture content as compared to sugar based muffins initially as well as over storage period of 21 days. The softness of muffins with sugar and jaggery was found to reduce with an increase in storage period, while the muffins with jaggery showed lesser softness than sugar muffins throughout the storage period. These results indicate that the retrogradation rate in muffins with jaggery is higher than muffins with sugar which accounted for lesser softness throughout storage for muffins with jaggery. The higher amylograph setback value with jaggery also confirms higher retrogradation rate of starch in the presence of jaggery than sugar.
It can be seen from the Fig. 3a that the jaggery muffins were observed to have higher water activity (a w ) of 0.95 than muffins with sugar (0.92). With increase in storage period from 0 to 21 days, the a w even though decreased it practically remained constant up to 14 days and slightly decreased on 21st day of storage. Similar results were observed for water activity in muffins prepared with different fibers and stevia as sugar replacement by Zahn et al. (2013) .
The pH of sugar and jaggery muffins was found to decrease slightly from 6.84 to 6.62 and 6.13 to 6.0, respectively (Fig. 3b) . Sugar based muffins showed higher pH values when compared with jaggery based muffins. The titratable acidity of sugar and jaggery muffins was found to increase from 0.90 to 1.35 and 0.90 to 2.34. The titratable acidity of jaggery muffins was observed to increase after 7 days of storage, while in the case of sugar muffins the titratable acidity was increased at the end of storage period. These results are similar to as reported by Jariyawaranugoon (2013) who reported a decrease in water activity, pH and increase in titratable acidity during storage of cakes with sugar and honey. The effect of storage period on sensory characteristics of sugar and jaggery muffins was observed. The moisture content of muffins even though decreased it was not significant. The softness decreased as shown by the increase in the crumb firmness values from 1200 to 2250 g for muffins with sugar and from 1300 to 2385 g for muffins with jaggery. The crust colour, crust shape, crumb colour, crumb grain did not change for both the muffins. The crumb firmness increased with increase in storage period from 0 to 21 days. The muffins with jaggery showed higher firmness value throughout the storage period when compared to muffins with sugar. The muffins with sugar jaggery showed clean mouthfeel without any residue formation, no off flavour, optimum sweetness throughout the storage period. However, the muffins with jaggery were more acceptable as it showed wholesome taste and perceptible jaggery flavour till 21 days of storage. Psimouli and Oreopoulou (2012) reported similar results in terms of sensory evaluation of cakes prepared with replacement of sugar with oligofructose, lactitol and maltitol. Muffins were prepared with tagatose as a replacement of sucrose at 3-6% and no significant difference were observed in flavour and sweetness of the muffins (Armstrong et al. 2009 ). Lin et al. (2003) had studied the formulation of chiffon cake with partial replacement of sucrose with erythritol (75%) and found similar quality characteristics like cake prepared with 100% sucrose.
The results of microbial analyses of muffins performed as a part of storage studies showed that the muffins with sugar and jaggery were stable at ambient room temperature and humidity when packed in air tight polypropylene bags, may be due to use of calcium propionate and acetic acid in the preparation of muffins. Microbial analysis has shown that E. coli and Salmonella were not detected in both the muffin samples. The total mesophilic count, yeast and mold count for muffins with sugar increased from \ 10-79 CFU/g and \ 10-66 CFU/g and for muffins with jaggery (\ 10-89 CFU/g and \ 10-68 CFU/g) respectively with increase in storage period from 0 to 21 days. These results of total mesophilic count, yeast and mold count of the muffins were found to be within the recommended limits set by FSSAI (2016) . The microbial load was higher in jaggery muffins as compared to sugar based muffins over a storage period of 21 days. There was considerable increase seen in fungi and bacteria in the third week. Hence, it can be concluded that the muffins stored for 21 days was microbiologically safe and should be consumed before the end of that period.
Conclusion
The jaggery powder had higher moisture, ash content and lower total sugar when compared to sugar. The amylograph pasting temperature and peak viscosity of wheat flour were observed to increase with addition of sugar and jaggery. The jaggery muffins showed lower value for lightness, higher values for redness and yellowness than sugar muffins. For the preparation of jaggery muffins having quality characteristics closer to sugar muffins, the amount of egg and jaggery required was 84% for 100 g of wheat flour. The overall quality score of muffins with jaggery was lower than the muffins with sugar. The jaggery muffins had higher moisture, ash, lower protein, fat and total sugar contents when compared to muffins with sugar. Even though there was difference in a w , pH, titratable acidity, texture characteristics and overall quality score for the muffins with jaggery when compared to muffins with sugar during storage for 21 days. Both the muffins had the microbial load within the acceptable limits for 21 days. Hence, it can be concluded that Jaggery can be used for the total replacement sugar on equal weight basis in various bakery products in future.
